Objectives Smoking rates have declined with a slower pace among those with psychological distress compared to those without. We examined whether other health behaviors (heavy alcohol consumption, physical inactivity, short sleep duration) showed similar trends associated with psychological distress. We also examined differences by age and birth cohort. Methods Data were from the annually repeated cross-sectional U.S. National Health Interview Surveys (NHIS) of 1997-2016 (total n = 603,518). Psychological distress was assessed with the 6-item Kessler Psychological Distress Scale (K6). Results Psychological distress became more strongly associated with smoking (OR 1.09 per 10 years; 95% CI 1.07, 1.12), physical inactivity (OR 1.08; 1.05, 1.11), and short sleep (OR 1.12; 1.06, 1.18), but less strongly associated with heavy alcohol consumption (OR 0.93; 0.89, 0.98). The associations of smoking and alcohol consumption attenuated with age, whereas the association with physical inactivity strengthened with age. Compared to older birth cohorts, smoking became more strongly associated with psychological distress among younger birth cohorts up to those born in the 1980s. Conclusions The strength of associations between psychological distress and health behaviors may vary by time period, age, and birth cohort.
Introduction
Mental disorders are associated with poor physical health and reduced life expectancy [1] . This is partially due to poor health behaviors; mentally distressed individuals are more likely to engage in unhealthy behaviors, such as smoking [2] , risky alcohol consumption [3, 4] , physical inactivity [5] , and short sleep duration [6, 7] . Poor health behaviors, in turn, increase the risk of comorbid physical conditions and early mortality [8] .
In the general population, mental health is often measured by indicators of non-specific psychological distress, including symptoms of depression, anxiety, stress, and somatic complaints [9] . Studies in the United States [10] [11] [12] [13] and the United Kingdom [14] have reported psychological distress to be associated with diverging trends in smoking. During the last 10-20 years, smoking rates have declined among those without mental disorders but have remained the same, or declined at a slower pace, among those with mental disorders [10, 14] . These trends suggest that health policies aimed at reducing smoking have not been effective for psychologically distressed individuals, which has led to an increasingly widening health disparity between those with and without mental disorders [10] .
Smoking is only one of the important health behaviors; short sleep duration, heavy alcohol consumption, and physical inactivity are among the other health behaviors that are associated with increased morbidity and mortality [8] . The overall population trends in the United States have shown increasing levels of short sleep duration [15] and steady (or slightly increasing) levels of heavy alcohol consumption [16, 17] . The prevalence of physical inactivity in the United States remained quite stable between 1997 and 2007 but has decreased between 2007 and 2016 [18] . Similar to smoking, these health behavior trends might have developed differently among individuals with and without psychological distress. However, it is unknown whether the time trends associated with smoking represents broader patterns in the associations of psychological distress with health behaviors, or whether the time trends are specific to smoking.
Using multiple cross-sectional surveys from the U.S. National Health Interview Surveys (NHIS) between 1997 and 2016, we examined whether the associations between psychological distress and four unhealthy behaviors (smoking, heavy alcohol consumption, physical inactivity, and short sleep duration) changed during this time period, and whether there were age differences in these associations. We also explored potential birth cohort effects using crossclassified random-effects multilevel regressions [19] . However, it is still debated whether any statistical method can reliably separate the contributions of time period, age, and birth cohort [20] . We therefore present the analysis of birth cohort effects only as a supplementary analysis, with the main focus on time period changes that are of primary interest from the perspective of public health.
Materials and methods
Data were from the annual U.S. National Health Interview Surveys (NHIS) of 1997-2016. The total sample size was 603,518 participants (21, 469 participants per survey year) aged 18 years and older. These data have previously been used to examine time period trends in psychological distress and smoking [11, 13] . NHIS is approved by the Research Ethics Review Board of the National Center for Health Statistics and the U.S. Office of Management and Budget. All NHIS respondents provided oral consent prior to participation.
Psychological distress was assessed using the 6-item Kessler Psychological Distress Scale (K6) [9] with the items asking about frequency of experiencing the symptoms in the past 30 days, rated on a 5-point Likert scale (0 = none of the time, 4 = all the time). The six items were summed together, and higher values indicated higher psychological distress. Detailed wordings of the health behavior questions are reported in the supplementary material. Smoking status was based on a question on whether the participant was currently smoking or not. Physical inactivity was assessed with questions on the frequency of moderate and vigorous physical activities lasting at least 10 min, and physical inactivity was determined as not participating in at least weekly moderate or vigorous leisure-time aerobic activity lasting at least 10 min (versus more than 10 min of either types of leisure-time activity). Heavy alcohol consumption was assessed with two questions (frequency of drinking and average number of drinks when drinking), and heavy alcohol consumption defined as drinking more than 7 alcohol units per week for women and more than 14 units for men (versus those drinking less or not at all). Short sleep duration was assessed with one question (average number of sleep hours), and short sleep duration was defined as 6 h or less (versus 7-9 h of sleep); given that long sleep duration has also been associated with poor health [21] , for the analysis of sleep duration we excluded participants who reported sleep duration of 10 h or more. Questions on sleep duration were administered from 2004 onwards, so the time period for sleep duration spanned from 2004 to 2016. Age was categorized into 5-year intervals (youngest age group 18-19, oldest ≥ 85), and both age and time period were used as categorical variables to allow the associations to follow non-linear patterns.
Statistical analysis
When assessing age patterns, we fitted logistic regression models with age (as dummy-coded variable), sex (0 = men, 1 = women), race/ethnicity (0 = non-Hispanic White, 1 = Black, 2 = Hispanic, 3 = other), psychological distress, and the interaction effect between age and psychological distress as predictor variables. When assessing time period effects, age was modeled with linear and quadratic terms (and their interaction effects with psychological distress), and time period and its interaction effects with psychological distress as categorical variables. We used the K6 scale as a continuous variable in order not to lose information with categorization. The K6 scale is sometimes used as a categorical variable, with a cutoff score of ≥ 5 indicating at least moderate psychological distress and ≥ 13 indicating serious psychological distress [22] . We rescaled the continuous K6 scale by first determining the average K6 scores in the groups with no psychological distress (i.e., K6 < 5, average score 0.9) and at least moderate psychological distress (i.e., K6 ≥ 5, average score 9.2), and then divided the original K6 score with the difference between these scores (i.e., by 8.3). This way the odds ratios we report represent the average difference between those with and without at least moderate psychological distress, because a one-unit difference corresponds to an 8.3-point difference on the original K6 scale. The prevalences of health behaviors were calculated for these scores of the K6 scale (i.e., 0.9 vs 9.2) to illustrate the health behavior trends by levels of psychological distress. The rescaling did not influence the relative ranking of the participants on the K6 scale, and the results would have been substantially the same with a categorical K6 variable (data not shown). All logistic regression models were fitted using sampling weights. 
Results
The mean age of the participants was 47.5 years (standard deviation = 18.0), 56.0% were women, 66.7% were non-Hispanic white, 14.3% Black, and 13.9% Hispanic. Smoking and physical inactivity decreased over time, short sleep duration increased slightly, and psychological distress and alcohol consumption remained fairly stable (Table 1 ). Figure 1 shows the odds ratios for psychological distress associated with health behaviors in different years with linear trends fitted through the estimates (the quadratic trends were not significant for any of the health behaviors). Between 1997 and 2016, psychological distress became more strongly associated with smoking (linear trend OR 1.09 per 10 years, 95% CI 1.07, 1.12; corresponding to an increase from OR = 2.02 in 1997 to OR 2.39 in 2016) and Figure 2 shows the population prevalences of health behaviors by study year and level of psychological distress, as derived from the logistic regression models. Figure 3 shows the strength of associations between psychological distress and health behaviors by age (see Supplementary Table 1 for the parameter estimate details for age groups). The association of psychological distress with smoking decreased from over OR 2.0 before age 40 to OR 1.2 at age 80. The association with heavy alcohol consumption also attenuated with age. The association of psychological distress with physical inactivity grew stronger up to age 60 after which it remained stable. Psychological distress was most strongly related to short sleep among 18-19 year olds, but there was no clear trend across older ages. Figure 4 shows the population prevalences of health behaviors by age group and level of psychological distress, as derived from the logistic regression models.
The details of the full cross-classified random-effects regression models including time period, age, and birth cohort effects are reported in Supplementary Table 1 . There was a cohort effect for smoking indicating that psychological distress became more strongly related to smoking among younger birth cohorts, but among those born in the 1990s the association again attenuated (Fig. 5 ). There was no evidence for other cohort effects. 
Discussion
Previous studies have shown that the relative risk of smoking associated with psychological distress has become stronger in the last 20 years, because the prevalence of smoking has declined more rapidly among those without psychological distress than among those with psychological distress [10] [11] [12] [13] [14] The current results suggest that other health behavior correlates of psychological distress have also changed during the last 10-20 years in the United States: psychological distress has become more strongly associated with physical inactivity and short sleep duration, but less strongly related with heavy alcohol consumption. The previously reported time trends of psychological distress and smoking suggest that the public health improvements have not reached people with mental health problems as effectively as those without mental health problems [10] . We observed that the associations of short sleep and physical inactivity with psychological distress also strengthened over time, suggesting a broader worsening health behavior profile associated with psychological distress that covers other health behaviors besides smoking. Heavy alcohol consumption became less strongly associated with psychological distress, implying that not all adverse health behaviors necessarily follow a common trend of worsening associations with psychological distress. This weakening association was mostly driven by the slightly steeper increase in heavy alcohol consumption among people with no distress, implying no major changes among psychologically distressed people.
All the associations between psychological distress and health behaviors varied with age. Short sleep duration was strongly associated with psychological distress among the [18] [19] year olds, after which the association became weaker and remained stable. Sleep time recommendations [23] suggest that adolescents need more sleep than adults (8-10 h vs 7-9 h), so short sleep of ≤ 6 h may indicate a more detrimental sleep deprivation for those younger than 20 years; this could explain the stronger association with psychological distress among younger individuals. With increasing age, psychological distress became less strongly associated with smoking and heavy alcohol consumption. These patterns might reflect age differences in psychiatric comorbidity. For example, externalizing psychiatric problems (e.g., substance abuse) reach their peak prevalence in young adulthood and decline thereafter [24] . The associations of physical inactivity with psychological distress strengthened with age, which may reflect the increasing role of physical limitations with age [25] .
Smoking was the only health behavior for which there was any evidence for a birth cohort effect in the association with psychological distress. The association grew stronger in younger birth cohorts from the 1910s to the 1980s. A birth cohort effect for smoking is plausible, as most adult smokers have started to smoke already in adolescence [17, 26] . Adolescents with a propensity to mental health problems may have been less aware of the adverse effects of smoking, thereby increasing the relative risk associated with psychological distress in more recent birth cohorts who have become increasingly aware of the health risks of smoking. In older birth cohorts, when smoking was more common across the population, smoking may have been less selective with respect to adolescent mental health problems, [27] . However, the association seems to have returned to its 1910s level for those born in the 1990s; more data in the coming years are needed to test whether this trend holds in the younger birth cohorts. Also, it must be emphasized that the statistical separation of age, period, and cohort effects is not straightforward, and that even the random-effects modeling may have its limitations [20] .
The current findings need to be considered within some limitations. First, psychological distress may influence health behaviors, but unhealthy behaviors may also increase psychological distress [2] [3] [4] [5] [6] [7] The current data cannot determine the temporal order (or common causes) of the associations; longitudinal studies would be particularly valuable to clarify this issue. Second, psychological distress and health behaviors were all self-reported, which may have biased the true associations between psychological distress and health behaviors. Third, some might argue that short sleep duration should not be considered as a health behavior in relation to psychological distress, as sleep problems are often included as symptoms of poor mental health [6] . From this perspective, the strengthening association between distress and short sleep duration would still hold, but it would indicate that short sleep duration has become a more prominent symptom characterizing psychological distress. Fourth, we did not have data on all relevant health behaviors, for example, on dietary patterns. Finally, the current data do not yet provide information on the mediating mechanisms that link psychological distress to health behaviors differently by time period and age. These might include changes in health literacy, socioeconomic disparities, or people's coping styles with distress, among other factors. Identifying these mechanisms will be important for understanding how psychological distress becomes associated with adverse health behaviors that increase the health burden of distress.
In conclusion, the current findings extend previous results on how psychological distress has become more strongly associated with smoking in the last 20 years. In addition to smoking, we observed strengthening associations with short sleep duration and physical inactivity. Heavy alcohol consumption became slightly more common among those with no psychological distress, thus weakening the association between distress and heavy alcohol consumption. The associations between psychological distress and health behaviors also varied by age, suggesting considerable heterogeneity in how psychological distress and poor health behaviors are connected across the life span.
